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Abstract 
 
Introduction: It has been established that changes in the bone tissue of the jaw are present in all 
cases where there are at least small pathological inflammatory changes in the mucous membrane of 
the oral cavity. This suggests a significantly greater pathogenetic relationship between 
inflammatory changes in the mucosa and changes in the bone part of the periodontal disease. 
Despite a large number of studies, the molecular mechanisms of the influence of thyroid hormones 
on the bone metabolism have not been completely studied. 
The aim of study: to clarify mechanisms of the periodontitis development in rats with thyroid 
dysfunction based on a comparative analysis of the correlations between the bone metabolism 
indices and the concentration of  thyroid stimulating hormone,  free thyroxine and free 
triiodothyronine. 
Material and methods: Experimental studies were conducted on male, nonliner, white rats of 
around 4 months of age.  The experimental animals were divided into the following groups: І – 
control animals;  ІІ – animals with periodontitis; ІІІ – animals with periodontitis combined with 
hyperthyroidism; IV – animals with periodontitis combined with hypothyroidism. Total calcium, 
ionized calcium, phosphorus, osteocalcin concentration and  activity of phosphatases were 
measured. Correlation analysis was performed between all the studied indices. Coefficient of linear 
correlation (r) and its fidelity (p) was calculated that was accordingly denoted in the tables 
(correlation matrices). The correlation coefficient was significant at p<0.05. 
Results: The conducted correlative analysis shows that there are different interconnections between 
the indices of calcium-phosphorus metabolism, bone formation and bone resorption with free 
triiodothyronine, free thyroxine and thyroid stimulating hormone, in case of the experimental 
periodontitis combined with thyroid dysfunction. In animals with modelled periodontitis combined 
with hyperthyroidism, more correlative interactions with triiodothyronine, thyroxine and thyroid 
stimulating hormone were established compared to the rats of hypothyroid group. 
Conclusions: Consequently, the thyroid dysfunction significantly affects the parameters of bone 
metabolism in case of an experimental periodontitis, which requires further research. 
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Introduction 
Specific types of connective tissue (bone tissue, dentin, cement and dental enamel) are 
characterized by a high content of the mineral component, the main part of which are calcium 
salts  Bone tissue of the jaw has a characteristic organization of structural elements (osteons and 
trabeculae). Despite the high degree of mineralization, there is a constant renewal of parts 
substances in the bone tissue, permanent destruction and creation, adaptive rearrangements to 
constantly changing conditions of functioning [8]. 
The main "actors" of this process are circulating in the extracellular fluid levels of calcium, 
phosphorus, as well as the hormones that regulate their metabolism. Calcium performs only one 
function in the intercellular matrix - structural. At the same time, calcium of the mineral component 
of the intercellular matrix is a depot for intracellular calcium, where it acts as a mediator in 
mechanisms of intracellular transfer of signals entering the cell. Phosphorus, to a certain extent, is 
involved in almost all metabolic processes. Calcium and phosphorus form the basis of solid bone 
matter. Phosphorus is represented by a slightly soluble calcium phosphate (2/3) and soluble 
compounds (1/3) in bones. The vast majority of the phosphorus is inside the cells, 1% is in the 
extracellular fluid. Mineral components of bone tissue are in a state of chemical equilibrium with 
calcium and phosphate ions of serum [4, 10]. 
According to the literature, it has been established that changes in the bone tissue of the 
jaw are present in all cases where there are at least small pathological inflammatory changes in the 
mucous membrane of the oral cavity. This suggests a significantly greater pathogenetic relationship 
between inflammatory changes in the mucosa and changes in the bone part of the periodontal 
disease. It is likely that these changes occur simultaneously [8]. 
Masalova N.N. and Zakharenko R.V. argue that dysfunction of the thyroid gland is 
accompanied by changes in phosphorous-calcium and bone metabolism. Hyperthyroidism causes an 
increase in bone turnover due to rising the number of osteoclasts and resorption surfaces, as well as 
a violation of the ratio of resorption and bone formation spaces, i.e. an increase in both the 
parameters of bone formation and resorption. Enhanced bone remodelling during of 
hyperthyroidism is caused by an increasing in the activity of osteoclasts and osteoblasts, which 
leads to a simultaneous increasing in the rate of its resorption and formation. In this case, the 
processes of resorption dominate bone formation, develops a negative calcium balance, which leads 
to a decreasing in mineral density of bone tissue [5]. 
In patients with untreated hypothyroidism, signs of decreased bone formation and bone 
resorption have been observed. They tend to reduce the excretion of calcium from the urine, as well 
as an increase in the level of parathyroid hormone  (PTH) and vitamin D3. The levels of calcium 
and phosphorus in the blood and urine in most cases remain without significant changes. According 
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to some authors [3, 11], hypothyroidism is characterized by resistance to the effects of PTH, with 
the level of intact PTH most often remaining in the normal level, but there are a number of reports 
indicating an increase in the level of PTH and vitamin D3, which to some extent supports the 
concept of resistance to PTH [5]. 
Despite a large number of studies, the molecular mechanisms of the influence of thyroid 
hormones on the bone metabolism have not been completely studied. The effect of  thyroxine (T4) 
and triiodothyronine (T3) on the metabolism of periodontal tissue in the condition of generalized 
periodontitis shows a special interest. 
The aim of the study: to clarify mechanisms of the periodontitis development in rats with 
thyroid dysfunction based on a comparative analysis of the correlations between the bone 
metabolism indices and the concentration of  thyroid stimulating hormone, free thyroxine and free 
triiodothyronine. 
Material and methods: Experimental studies were conducted on male, nonliner, white 
rats of around 4 months of age, that were housed at 25±3 °C and humidity of 55±2 %, under a 
constant 12 h light and dark cycle. Water was available ad libitum. The experimental animals were 
divided into the following groups: І – control animals administered intragastrically 1% solution of 
starch (n=12);  ІІ – animals with periodontitis (The rats of this group were injected into gum tissue 
with lipopolysaccharide (LPS) E. Coli  («Sigma-Aldrich», США»)) during 2 weeks (n=12) [6]; ІІІ 
– animals with periodontitis combined with hyperthyroidism. To model the experimental 
hyperfunction of the thyroid gland, animals received intragastrically L-thyroxine daily in 1% starch 
solution at a rate of 10 μg/day per 100 g of body mass for 21 days (n=12) [9]. Starting from the 
eighth day of experiment, rats were injected into gum tissue with LPS E. Coli  during 2 weeks; IV – 
animals with periodontitis combined with hypothyroidism. To model the experimental hypofunction 
of the thyroid gland, animals received intragastrically Merkazolil daily in 1% starch solution at a 
rate of 1 mg/day per 100 g of body mass for 21 days (n=12) [9]. Starting from the eighth day of 
experiment, rats were injected into gum tissue with LPS E. Coli during 2 weeks. 
Animal euthanasia was carried out on the 22d day of the experiment by cardiac puncture 
under deep anaesthesia, in accordance with the requirements of the European convention for the 
protection of vertebrate animals used for experimental and other scientific purposes [15]. 
For investigation, blood serum and homogenate of periodontal tissue were used, which 
was made on Tris/ HCl / Buffer (pH 8.0) at a rate of 100 mg of tissue per ml [1]. To confirm the 
conditions of hyperthyroidism and hypothyroidism the concentration of serum free thyroxine (fT4), 
free triiodothyronine (fT3) and thyroid stimulating hormone (TSH) were assayed by Enzyme 
Linked Immunosorbent Assay (ELISA) kit Vector-Best (Russia). 
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Total calcium and phosphorus concentration were measured by semi-automated 
biochemical analyzer Humalyzer 2000 (Human, Germany). Serum ionized calcium concentration 
was measured by ion-selective method using analyzer of electrolytes AEK-01 (Kvertimed, Ukraine). 
Bone metabolism was determined by the activity of phosphatases: alkaline (ALP) as a marker for 
the functioning of osteoblasts and acid (AP) as a marker of the intensification of osteoclasts’ 
activity. In addition, the concentration of osteocalcin as a biochemical marker of the bone tissue 
formation and the rate of "bone turnover" was measured by ELISA kit «DRG» (USA). 
Statistical analysis. The results were analysed using Statistica 6.1 software and presented as 
mean with standard error of mean. The differences between all groups were determined using one-
way ANOVA, followed by post hoc Least Significant Difference test, with p. Correlation analysis 
was performed between all the studied indices. Coefficient of linear correlation (r) and its fidelity 
(p) was calculated that was accordingly denoted in the tables (correlation matrices). If the index r=0 
the linkage was considered as absent, in the range 0-0,3 – the linkage was considered as weak 
correlation, interval of index 0.3-0.7 described linkage as medium strength and interval 0.7-1.0 
pointed to strong correlation interaction. The correlation coefficient was significant at p<0.05. 
Results and Discussion. The correlative analysis carried out between the serum 
concentration of total calcium and thyroid hormones in animals with periodontitis combined with 
hyperthyroidism (table 1) revealed a strong direct correlative linkage with fТ3 (r=0,76; р<0,01), and 
with  fТ4  (r=0,73; р<0,01). Concerning the relationship between concentration of ionized calcium 
and thyroid hormones, we have found not only direct correlations with fТ3 (r=0,63; р<0,05) and fТ4, 
(r=0,77; р<0,01), but also the negative correlative linkage with TSH (r=-0,67; р<0,05). A strong 
direct correlative linkage between the concentration of total calcium in the homogenate of 
periodontal tissue in this group of animals and fТ3 (r=0,83; р<0,01) (table 2) has been found. 
Concerning the the relationship between the concentration of inorganic phosphorus and thyroid 
hormones in animals with periodontitis combined with hyperthyroidism, a strong direct correlative 
linkage was established with fТ3 in blood serum (r=0,78; р<0,01), and in the homogenate of 
periodontal tissue (r=0,75; р<0,01). 
In animals with periodontitis combined with hypothyroidism, no reliable correlative linkages 
between the concentration of total calcium and thyroid hormones were found, but a strong direct 
correlation between the concentration of ionized calcium and fТ3 (r=0,83; р<0,01) was established. 
Concerning the the relationship between the concentration of inorganic phosphorus and thyroid 
hormones in animals with periodontitis combined with hypothyroidism, negative linkage of 
medium strength with TSH (r=-0,61; р<0,05) and direct correlative linkage of medium strength 
with fТ4 (r=0,64; р<0,05) were established. In the homogenate of the periodontal tissue of this 
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group of animals negative linkage of medium strength with TSH (r=-0,70; р<0,05) and direct 
correlative linkage of medium strength with fТ3 (r=0,59; р<0,05) have been found. 
Table 1. 
Correlative linkages between serum indices of calcium-phosphorus metabolism and thyroid hormones 
Correlative linkages Experimental group Coefficient of 
linear 
correlation, rxy 
Fidelity of correlative 
linkage, р 
TSH, mIU/l Total calcium, 
mmol/l 
Periodontitis combined 
with hyperthyroidism 
-0,52 >0,05 
Periodontitis combined 
with hypothyroidism 
0,27 >0,05 
fТ3, pmol/l Total calcium, 
mmol/l 
Periodontitis combined 
with hyperthyroidism 
0,76 <0,01 
Periodontitis combined 
with hypothyroidism 
-0,09 >0,05 
fТ4, pmol/l Total calcium, 
mmol/l 
Periodontitis combined 
with hyperthyroidism 
0,73 <0,01 
Periodontitis combined 
with hypothyroidism 
-0,37 >0,05 
TSH, mIU/l Ionized calcium, 
mmol/l 
Periodontitis combined 
with hyperthyroidism 
-0,67 <0,05 
Periodontitis combined 
with hypothyroidism 
-0,38 >0,05 
fТ3, pmol/l Ionized calcium, 
mmol/l 
Periodontitis combined 
with hyperthyroidism 
0,63 <0,05 
  Periodontitis combined 
with hypothyroidism 
0,83 <0,01 
fТ4, pmol/l Ionized calcium, 
mmol/l 
Periodontitis combined 
with hyperthyroidism 
0,77 <0,01 
Periodontitis combined 
with hypothyroidism 
0,46 >0,05 
TSH, mIU/l Phosphorus, 
mmol/l 
Periodontitis combined 
with hyperthyroidism 
-0,51 >0,05 
Periodontitis combined 
with hypothyroidism 
-0,61 <0,05 
fТ3, pmol/l Phosphorus, 
mmol/l 
Periodontitis combined 
with hyperthyroidism 
0,78 <0,01 
Periodontitis combined 
with hypothyroidism 
0,45 >0,05 
fТ4, pmol/l Phosphorus, 
mmol/l 
Periodontitis combined 
with hyperthyroidism 
0,53 >0,05 
Periodontitis combined 
with hypothyroidism 
0,64 <0,05 
 
The direct correlation of medium strength between the level of fT3 and the concentration of 
ionized calcium in blood serum of hypothyroid animals was established in the study of 
N.N. Pobigun [7]. A similar trend was observed by C. Schwarz and co-authors [17]: a significant 
direct correlation between calcium and fT3 and negative correlative linkage between these ions and 
the TSH in blood serum of patients with hypothyroidism. 
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Table 2.  
 
Correlative linkages between periodontal tissue indices of calcium-phosphorus metabolism and thyroid 
hormones 
Correlative linkages Experimental group Coefficient of 
linear 
correlation, rxy 
Fidelity of correlative 
linkage, р 
TSH, mIU/l Total calcium, 
mmol/kg 
Periodontitis combined 
with hyperthyroidism 
0,26 >0,05 
Periodontitis combined 
with hypothyroidism 
-0,67 <0,05 
fТ3, pmol/l Total calcium, 
mmol/kg 
Periodontitis combined 
with hyperthyroidism 
0,83 <0,01 
Periodontitis combined 
with hypothyroidism 
0,44 >0,05 
fТ4, pmol/l Total calcium, 
mmol/kg 
Periodontitis combined 
with hyperthyroidism 
0,43 >0,05 
Periodontitis combined 
with hypothyroidism 
0,44 >0,05 
TSH, mIU/l Phosphorus, 
mmol/kg 
Periodontitis combined 
with hyperthyroidism 
0,19 >0,05 
Periodontitis combined 
with hypothyroidism 
-0,70 <0,05 
fТ3, pmol/l Phosphorus, 
mmol/kg 
Periodontitis combined 
with hyperthyroidism 
0,75 <0,01 
Periodontitis combined 
with hypothyroidism 
0,59 <0,05 
fТ4, pmol/l Phosphorus, 
mmol/kg 
Periodontitis combined 
with hyperthyroidism 
0,47 >0,05 
Periodontitis combined 
with hypothyroidism 
0,30 >0,05 
 
There are data that triiodothyronine is involved in the regulation of chondrogenesis and 
bone mineralization. It stimulates IL-6 and IL-8, enhances the effects of IL-1 and IL-6, enhances the 
synthesis of osteocalcin, type I collagen, increases proliferation, differentiation and apoptosis of 
osteoblasts [18]. During the formation of the bone, T3 stimulates proliferation, differentiation and 
apoptosis of osteoblasts and increases the expression of osteocalcin, type 1 collagen, alkaline 
phosphatase, metalproteins, IGF-1 and its receptor (IGF-1R). Subsequently, during bone resorption, 
T3 increases the expression of important osteoclasts differentiation factors such as interleukin-6 and 
prostaglandin E2. Prostaglandins, especially PGE2, are powerful multifunctional bone metabolism 
regulators. PGE2 causes morphological changes in osteoblasts and osteoklasts due to increased 
intracellular levels of cyclic adenosine monophosphate [14]. In addition, T3 acts synergistically 
with osteoclastogenic hormones such as PTH and vitamin D. It has also been shown that T3 
increases expression of the mRNA of the receptor activator of the nuclear factor-κβ (RANKL) in 
the osteoblasts, which activates RANK present in the precursors of osteoclasts [12]. T4 can also 
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affect bone remodeling, accelerating osteoclastic activity by stimulating prostaglandin secretion 
[13]. 
The correlative analysis carried out between the serum concentration of osteocalcin and 
thyroid hormones in animals with periodontitis combined with hyperthyroidism (table 3) revealed a 
strong direct correlative linkage with fТ3 (r=0,71; р<0,01). A direct correlative linkage of medium 
strength between the concentration of osteocalcin and TSH (r=0,62; р<0,05), strong direct 
correlative  linkage with fТ3 (r=0,89; р<0,01) and direct correlative linkage of medium strength 
with fТ4 (r=0,59; р<0,05) in the homogenate of periodontal tissue in this group of animals (table 4) 
have been found. Concerning the relationship between the concentration of osteocalcin and thyroid 
hormones in animals with periodontitis combined with hypothyroidism, we have not found any 
reliable correlations. 
Conducted correlative analysis between the activity of ALP in blood serum and thyroid 
hormones in animals with periodontitis combined with thyroid dysfunction (table 3) did not reveal 
any reliable relationships. In the homogenate of periodontal tissue of hyperthyroid animals direct 
correlative linkage of medium strength between the ALP activity and fТ3 (r=0,58; р<0,05) was 
established. In animals with periodontitis combined with hypothyroidism strong direct correlative 
linkage between the ALP activity and TSH (r=0,80; р<0,01) та negative correlative linkage of 
medium strength with fТ4 (r=-0,70; р<0,05) were established. 
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Table 3.  
Correlative linkages between serum indices of bone metabolism and thyroid hormones 
Correlative linkages Experimental group Coefficient of 
linear 
correlation, rxy 
Fidelity of correlative 
linkage, р 
TSH, mIU/l Osteocalcin, ng/ml Periodontitis combined 
with hyperthyroidism 
0,52 >0,05 
Periodontitis combined 
with hypothyroidism 
-0,21 >0,05 
fТ3, pmol/l Osteocalcin, ng/ml Periodontitis combined 
with hyperthyroidism 
0,71 <0,01 
Periodontitis combined 
with hypothyroidism 
0,55 >0,05 
fТ4, pmol/l Osteocalcin, ng/ml Periodontitis combined 
with hyperthyroidism 
0,32 >0,05 
Periodontitis combined 
with hypothyroidism 
0,27 >0,05 
TSH, mIU/l ALP, mkat/l Periodontitis combined 
with hyperthyroidism 
0,32 >0,05 
Periodontitis combined 
with hypothyroidism 
-0,19 >0,05 
fТ3, pmol/l ALP, mkat/l Periodontitis combined 
with hyperthyroidism 
0,13 >0,05 
  Periodontitis combined 
with hypothyroidism 
-0,28 >0,05 
fТ4, pmol/l ALP, mkat/l Periodontitis combined 
with hyperthyroidism 
0,34 >0,05 
Periodontitis combined 
with hypothyroidism 
0,06 >0,05 
TSH, mIU/l AP, mkat/l Periodontitis combined 
with hyperthyroidism 
-0,42 >0,05 
Periodontitis combined 
with hypothyroidism 
0,37 >0,05 
fТ3, pmol/l AP, mkat/l Periodontitis combined 
with hyperthyroidism 
0,67 <0,05 
Periodontitis combined 
with hypothyroidism 
-0,29 >0,05 
fТ4, pmol/l AP, mkat/l Periodontitis combined 
with hyperthyroidism 
0,45 >0,05 
Periodontitis combined 
with hypothyroidism 
-0,49 >0,05 
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Table 4.  
Correlative linkages between periodontal tissue indices of bone metabolism and thyroid hormones  
Correlative linkages Experimental group Coefficient of 
linear 
correlation, rxy 
Fidelity of correlative 
linkage, р 
TSH, mIU/l Osteocalcin, ng/mg Periodontitis combined 
with hyperthyroidism 
0,62 <0,05 
Periodontitis combined 
with hypothyroidism 
0,05 >0,05 
fТ3, pmol/l Osteocalcin, ng/mg Periodontitis combined 
with hyperthyroidism 
0,89 <0,01 
Periodontitis combined 
with hypothyroidism 
-0,03 >0,05 
fТ4, pmol/l Osteocalcin, ng/mg Periodontitis combined 
with hyperthyroidism 
0,59 <0,05 
Periodontitis combined 
with hypothyroidism 
-0,24 >0,05 
TSH, mIU/l ALP, mkat/kg Periodontitis combined 
with hyperthyroidism 
-0,46 >0,05 
Periodontitis combined 
with hypothyroidism 
0,80 <0,01 
fТ3, pmol/l ALP, mkat/kg Periodontitis combined 
with hyperthyroidism 
0,58 <0,05 
Periodontitis combined 
with hypothyroidism 
-0,28 >0,05 
fТ4, pmol/l ALP, mkat/kg Periodontitis combined 
with hyperthyroidism 
0,28 >0,05 
Periodontitis combined 
with hypothyroidism 
-0,70 <0,05 
TSH, mIU/l AP, mkat/kg Periodontitis combined 
with hyperthyroidism 
-0,87 <0,01 
Periodontitis combined 
with hypothyroidism 
-0,53 <0,05 
fТ3, pmol/l AP, mkat/kg Periodontitis combined 
with hyperthyroidism 
0,86 <0,01 
Periodontitis combined 
with hypothyroidism 
0,18 >0,05 
fТ4, pmol/l AP, mkat/kg Periodontitis combined 
with hyperthyroidism 
0,64 <0,05 
Periodontitis combined 
with hypothyroidism 
0,78 <0,01 
 
Concerning the relationship between the activity of serum acid phosphatase and thyroid 
hormones in animals with periodontitis combined with hyperthyroidism direct correlative linkage of 
medium strength (r=0,67; р<0,05) with fТ3 was established. In hypothyroid animals, no reliable 
correlations were found. In the homogenate of the periodontal tissue of hyperthyroid animals 
negative strong correlative linkage between the AP activity and TSH (r=-0,87; р<0,01), strong 
direct correlation with fТ3 (r=0,86; р<0,01), direct linkage of medium strength with fТ4 (r=0,64; 
р<0,05) were established. In the homogenate of the periodontal tissue of hypothyroid rats strong 
direct correlation between AP activity and TSH (r=0,78; р<0,01) was established. 
Since TSH receptor expression has been demonstrated in osteoblasts and osteoclasts, this 
suggests that TSH can have a direct effect on these cells [16]. Some authors state that TSH plays an 
important role in bone metabolism, which is independent of the action of thyroid hormones [12]. 
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Other scientific evidence suggests that TSH is seen as a negative regulator of bone turnover. Its 
direct action on bone marrow cells results in increased bone remodelling and osteoporosis [19]. 
Conclusions: 
1. Thus, the conducted correlative analysis shows that there are different interconnections 
between the indices of calcium-phosphorus metabolism, bone formation and bone resorption with 
free triiodothyronine, free thyroxine and thyroid stimulating hormone, in case of the experimental 
periodontitis combined with thyroid dysfunction. 
2. In animals with modelled periodontitis combined with hyperthyroidism, more 
correlative interactions with triiodothyronine, thyroxine and thyroid stimulating hormone were 
established compared to the rats of hypothyroid group. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
195 
 
References 
1. Avdieiev OV. Stupin aktyvnosti fosfataz pry eksperymentalnomu parodontyti ta za yoho 
korektsii [Stupin activity of phosphatases during experimental parodontitis and after 
correction]. Klinichna stomatolohiia, 2013; 3(4): 13-17. (in Ukrainian) 
2. Shepelkevich AP, Leonova TA, Zhukovskaya OV, Suhodolova OI. Giperfunktsiya 
schitovidnoy zhelezyi i kostnyiy metabolizm [Hyperfunction of the thyroid gland and bone 
metabolism]. Meditsinskiy zhurnal, 2011; 1: 116-123. (in Ukrainian) 
3. Korenevskaya NA, Gorodetskaya IV. Sostoyanie tkaney marginalnogo periodonta pri 
hronicheskom stresse zavisit ot tireoidnogo statusa organizma [The condition of the 
marginal periodontal tissues under chronic stress depends on the thyroid status of the 
organism]. Vestnik VGMU, 2010; 9 (1): 1-11. (in Russian) 
4. Kutya SA. Vozrastnyie osobennosti sostoyaniya kaltsiy-fosfornogo metabolizma u kryis, 
podvergavshihsya deystviyu gravitatsionnyih peregruzok [Age features of the state of 
calcium-phosphorus metabolism in rats subjected to gravitational acceleration]. Ukrainskyi 
morfolohichnyi almanakh, 2009; 7 (4): 80-82. (in Ukrainian) 
5. Masalova NN, Zaharenko RV. Sostoyanie fosforno-kaltsievogo obmena i kostnogo 
metabolizma v norme i pri narushenii funktsii schitovidnoy zhelezyi [The state of 
phosphorus-calcium metabolism and bone metabolism in norm and in violation of thyroid 
function]. Dalnevostochnyiy meditsinskiy zhurnal, 2009; 2: 122-125. (in Russian) 
6. Moyseeva EH. Metabolycheskyi homeostaz y ymunnaia reaktyvnost orhanyzma v 
dynamyke vospalenyia v tkaniakh parodonta [Metabolic homeostasis and immune reactivity 
of the organism in the dynamics of inflammation in periodontal tissues]. Extended abstract 
of Doctor’s thesis. Moskva, 2008; 45. (in Russian) 
7. Pobihun NH. Kaltsii-fosfornyi balans u shchuriv iz hipofunktsiieiu shchytopodibnoi zalozy 
pry fizychnomu navantazhenni, stresi ta yikh poiednanni [Calcium-Phosphorus balance in 
rats with hypothyroidism of the thyroid gland under physical activity, stress and their 
combination]. Extended abstract of PhD thesis. Ivano-Frankivsk, 2015; 20. (in Ukrainian) 
8. Scherbich VM, Moskovskiy SN, Konev VP, Sulimov AF. Pokazateli kachestva kostnoy 
tkani chelyusti v skriningovoy diagnostike bolezney parodonta [Parameters of jaw bone 
tissue quality in screening diagnostics of periodontal diseases]. Saratovskiy nauchno-
meditsinskiy zhurnal, 2009; 5 (4): 588-590. (in Russian) 
9. Ratushnenko VO. Funktsionalna rol tiol-dysulfidnoi systemy pry eksperymentalnomu hipo- 
i hipertyreozi [Functional role of thiol-disulphide system in experimental hypo- and 
hyperthyroidism]. Odeskyi medychnyi zhurnal, 2010; 2 (118): 17-20. (in Ukrainian) 
196 
 
10. Uspenskaya OA, Kachesova ES. Izmeneniya biohimicheskih pokazateley krovi pri lechenii 
byistroprogressiruyuschego parodontita [Changes in biochemical parameters of blood in the 
treatment of fast-progressive periodontitis]. Problemyi stomatologii, 2017; 13 (2): 33-38. (in 
Russian) 
11. Sutaeva TR, Minkailova SR, Shamov IM, Omarov OG. Hronicheskiy generalizovannyiy 
parodontit u bolnyih endemicheskim zobom [Chronic generalized periodontitis in patients 
with endemic goiter]. Vestnik novyih meditsinskih tehnologiy, 2012; ХIХ (3): 46-47. (in 
Russian) 
12. Cardoso LF, Maciel LMZ, de Paula FJA. The multiple effects of thyroid disorders on bone 
and mineral metabolism. Arq Bras Endocrinol Metab. 2014; 58 (5): 452-463. 
13. Dolidze NM, Kezeli DD, Kilasoniya LO. Changes in intra- and extracellular Ca2+ 
concentration and prostaglandin E2 synthesis in osteoblasts of the femoral bone in 
experimental hyper- and hypothyroidism. Bull Exp Biol Med. 2007; 144: 17-20. 
14. Kalajzic Z, Peluso ЕВ, Utreja A, et al. Effect of cyclical forces on the periodontal ligament 
and alveolar bone remodeling during orthodontic tooth movement. Angle Orthod. 2014; 84: 
297-303. 
15. European convention for the protection of vertebrate animals used for experimental and 
other scientific purposes. – Council of Europe. Strasbourg, 1986; 123: 52. 
16. Gorka J, Taylor-Gjevre R, Arnason Т. Metabolic and clinical consequences of 
hyperthyroidism on bone density. Int J Endocrinol. 2013; 638727. 
17. Schwarz C, Leichtle AB, Arampatzis S, et al. Thyroid function and serum electrolytes: does 
an association really exist? Swiss. Med.Wkly. 2012; 142: 136-139. 
18. Tuchendler D, Bolanowski М. The influence of thyroid dysfunction on bone metabolism. 
Thyroid Research. 2014; 7: 12. 
19. Tsai J, Janson А, Bucht Е, et al. Weak evidence of thyrotropin receptors in primary cultures 
of human osteoblast-like cells. Calcif Tissue Int. 2004; 74: 486-491. 
